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Effect of an electric field on an intermittent granular flow
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Granular gravity driven flows of glass beads have been observed in a silo with a flat bottom. A DC high electric
field has been applied perpendicularly to the silo to tune the cohesion. The outlet mass flow has been measured.
An image subtraction technique has been applied to visualize the flow geometry and a spatiotemporal analysis
of the flow dynamics has been performed. The outlet mass flow is independent of voltage, but a transition from
funnel flow to rathole flow is observed. This transition is of probabilistic nature and an intermediate situation
exists between the funnel and the rathole situations. At a given voltage, two kinds of flow dynamics can occur :
a continuous flow or an intermittent flow. The electric field increases the probability to observe an intermittent
flow.
PACS numbers: 45.70.-n, 64.60.av, 47.57.Gc, 83.60.Np
I. INTRODUCTION
Intermittent flows of granular materials address fundamen-
tal questions and their study is important for industrial appli-
cations [1], especially in the case of silos. Intermittences are
observed in a variety of configurations, including gravity dri-
ven flows in vertical pipes [2–5], funnel and mass flow in si-
los [6], in inclined two-dimensional funnels [7, 8], or in hour-
glasses [9–11], as well as in rotating drums [12]. It also hap-
pens when slowly driving a granular material confined in a
vertical column [13, 14]. The origins of these intermittences
are diverse. A proposed mechanism invokes a vertical gradient
of air pressure that periodically blocks the flowing granular
material. In a vertical column [3, 4], this gradient of pressure
is due to viscous drag of air by the flowing grains. In hour-
glasses [9, 10], the gradient of pressure is due to the variation
of available air volume in the two chambers when the grains
pass from one chamber to the other one. In inclined two-
dimensional funnels [7], the narrowing of the flowing zone
near the outlet was invoked to explain a periodic densification
and blocking of the granular media. A front of decompaction
propagates upward and is followed by the upward propaga-
tion of a blockage front. In the case of granular flow through
a vertical pipe, intermittences can be induced by the presence
of a non-homogeneous electric field near the outlet [2]. Co-
hesive arches appear near the outlet and are periodically bro-
ken. In slowly driven granular columns [13, 14], the aging of
frictional forces explains a stick/slip motion of the packing.
Stick/slip motion has also been invoked to model some inter-
mittences in silos [6]. In many situations [3, 4, 7, 12–14], the
relative humidity of air is an important parameter, but its role
is poorly understood. The role of the cohesion on the intermit-
tences is still unknown.
In order to study the effects of cohesion from an experi-
mental point of view, it can be helpful to tune the cohesion of
a granular material. This can either be achieved by changing
the liquid content of a wet granular material [15], by tuning
the relative humidity of air [12], or by applying a magnetic
field on a ferromagnetic granular material [12, 16–19].
In the present work, we choose to study the flow of a glass
powder through a silo and we tuned the cohesion by applying
an electric field. We focused our attention on the evolution of
the mean flow and on the shape of the flowing zone with time
and voltage. We performed a spatiotemporal analysis of the
vertical flow to characterize the intermittences.
In section II, the experimental setup is described. In sec-
tion III, we present experimental results. Effects of an electric
field on a dielectric granular material are discussed in IV. We
discuss the interactions induced between grains in subsection
IV A. The flow geometry and the mass flow behavior are com-
pared to previous literature in subsection IV B. The intermit-
tences are discussed in subsection IV C.
II. EXPERIMENTAL SETUP
Figure 1 presents a sketch of our experimental setup. We
use approximately spherical glass beads of diameter d = 74
µm with a standard deviation of 7.6 µm. We use a rectangular
silo of dimensions 85 mm x 200 mm x 6 mm with walls made
of glass plates. The inner surface of the front and back plates
is coated with fluorine-doped tin oxide (FTO), a transparent
conductive material. These plate electrodes are connected to
a high voltage DC power supply. Voltage is varied from 0 to
1900 V. The outlet of the silo is a rectangular centered slit of
6 mm x 3 mm (i.e. 79 d x 39 d) aligned in the direction of
the electric field. Pictures are either taken with a fast camera
for high temporal resolution or with a digital photo camera for
high spatial resolution.
In order to ensure the reproducibility of our measurements,
the following procedure has been established. The powder and
the silo are placed in a glove box in which the relative humi-
dity is fixed to a value of 43%RH [20] by the presence of
a saturated solution of K2CO3. At this hygrometry, one ex-
pects to obtain poor cohesion due to the humidity or due to
the charges acquired by the triboelectric effect. It is also cru-
cial to control the humidity to avoid fluctuations of the electri-
cal conductivity of the glass beads. The powder is separated in
2FIGURE 1: A rectangular silo of dimensions 85 mm x 200 mm x
6 mm contains a glass powder. Two vertical plates are plugged to
a high voltage power supply to produce a horizontal homogeneous
electric field. Air hygrometry is fixed to 43 %RH. The mass flow is
measured with an electronic scale and the flow is visualized with a
digital photo camera.
eight samples contained into eight glass vessels. Each sample
is used at most once in 24 hours to let the powder relax to its
equilibrium under air humidity. The silo is first filled with one
sample. We fill it through a glass hopper fixed at the top of the
silo. At this moment, the electrodes are both connected to the
ground. After the filling, we wait 20 minutes before applying a
voltage. A delay of 20 more minutes is awaited before starting
the flow.
The outpoured mass m(t) is measured via an electronic
scale controlled by a computer. The sampling rate of the mass
measurement is 2 Hz. The response time of the scale is too
long to reveal some flow intermittences. The mean mass flow
Q is obtained by fitting the mass curve with a linear function.
We carried out one measurement for 11 different voltage va-
lues between 0 and 1700 V.
Two types of videos are taken. For imaging the geometry of
the flowing zone, we use a digital photo camera with a resolu-
tion of 2592 x 3888 pixels (167 aligned pixels correspond to
10 mm). The frame rate is 2 images per second. To visualize
the flowing zone, we subtract each pair of successive images.
A grain that appears or disappears from one image to the fol-
lowing one gives a white point in the final image. Blocked and
flowing zones respectively appear as dark and white zones in
the final pictures. To visualize the dynamics of the flow, we
use a fast camera with a resolution of 1024 x 1280 pixels (76
aligned pixels correspond to 10 mm) at a frame rate of 500
images per second. We also performed a successive images
subtraction for these videos. They were converted to vertical
spatiotemporal diagrams to visualize the vertical evolution of
the flowing zone with a high temporal resolution.
III. EXPERIMENTAL RESULTS
A. Mass flow measurements
Figure 2 presents four of the eleven mass curves m(t) col-
lected by the electronic scale. A linear evolution of m(t) is
reached after less than one second and a horizontal plateau is
reached at the end of the discharge. This constant mass flow
is expected as a consequence of the saturation of the vertical
strain in confined granular materials. Electric field has no ef-
fect on Q. Its mean value is 4.1 ± 0.15 g/s. For the highest
voltages, the final plateau appears at a lower level. Only a part
of the heap is discharged. We will see in section III B that this
is due to a transition of the flow geometry. The represented
plots of figure 2 are for specific drainage runs only. For runs
with the same voltage, the level of this plateau would differ
from one run to another. Above 1700 V, the heap remains blo-
cked. An arch is observed near the outlet. The flow occurs
below this arch, but does not propagate above it.
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FIGURE 2: Collected mass during the discharge of the silo for seve-
ral applied voltages. The slope (i.e. the mass flow Q) is constant over
time and over voltage. For the highest voltages, the final plateau ap-
pears earlier. This reveals that some part of the heap remains blocked
in the silo.
B. Flow geometry
We encountered three different kinds of flow geometries :
the ”funnel flow” regime, the ”avalanche” regime, and the ”ra-
thole” regime. These different flow geometries are illustrated
in figure 3.
In all situations, the flow is limited to the central part of the
heap. In the ”funnel flow” (see figure 3.(a),(d)), the top layer
of the heap flows over all its width, grains are falling in the
direction of the center, and only very small avalanches occur.
The evolution with time of the shape of the flowing zone has
been observed (a sketch is represented on figure 3.(d)). For
funnel flows, its behavior is qualitatively similar to the mea-
sures of Sielamowicz and coworkers [21]. Nedderman [22]
applied the kinematic model of Liwiniszyn [23] to describe
this kind of evolution, and found similar shape and evolution
3FIGURE 3: Three kinds of flow geometries are encountered during
the silo discharge : (a) funnel flow (0V), (b) avalanche (500 V), (c)
rathole (1500 V). The result of the image subtraction has been su-
perposed to the pictures (a) and (b) : black dots correspond to grains
that appeared or disappeared from two successive images. Typical
temporal evolutions of each regime are sketched on figures (d), (e),
(f). The solid lines represent the separation between flowing and non
flowing part of the heap. The dashed lines represent the top of the
heap.
of the flowing bed except a vanishing angle between his curves
and the horizontal direction near the outlet.
In the ”avalanche” situation (see figure 3.(b),(e)), stagnant
walls can stabilize at the border of the cell, the flow being res-
tricted to the centre of the cell over all its height. After some
time, the highest part of these lateral walls tumbles, creating
an avalanche. After that, new walls appear at a lower level.
Avalanches and intermittences are different phenomena. In-
termittences can happen without avalanches and vice versa.
Avalanches only concern the top of the lateral walls, while in-
termittences concern the central part of the heap, as we will
see in section III C.
In the ”rathole” situation (see figure 3.(c),(e)), the flow is
always restricted to the centre of the heap ; stagnant walls re-
main blocked even after the discharge.
If one still increases the voltage over 1700 V, the packing
remains blocked. Only a little part of the packing near the out-
let can eventually fall, but an arch prevents the packing to flow
thereafter. This situation is called ”blocked”.
The occurrence of one flow situation is not simply determi-
ned by its voltage but rather it happens with some probability.
We measured the probability for each of these four situations
to happen at different voltages. We have data for twelve dif-
ferent voltage values, and for each voltage, we have at least 5
samples. The result is shown on figure 4. Funnel flows happen
more frequently at low voltage, and the probability to observe
an avalanche or a rathole increases with the applied voltage.
By varying the voltage, the transition from one regime to ano-
ther one is continuous.
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FIGURE 4: Transitions from funnel flow to blockage. Measured pro-
babilities to observe a funnel flow (reversed triangle), avalanche flow
(square), rathole (circle), or blocked flow (triangle) as a function of
the applied voltage V . The solid lines were obtained by multinomial
logistic regression.
C. Flow dynamics
The videos taken with a fast camera have shown that two
kinds of flow dynamics can happen at a given voltage : a conti-
nuous flow or an intermittent flow. For 11 different voltage va-
lues between 0 and 1700 V, we took at least four videos. The
intermittence does not appear systematically, but the chance
to observe it increases with the applied voltage (see fig. 5). To
characterize this phenomenon, we performed a spatiotemporal
analysis of the flow. Successive images were first subtracted
to visualize the moving part of the heap (white points corres-
pond to moving grains in the modified images). The gray level
of each image is then averaged in the horizontal direction to
give an image of 1 pixel width. All the video is then converted
to a single spatiotemporal diagram by collating the successive
images. Spatiotemporal diagrams can also help to determine
the type of flow geometry since they exhibit the evolution of
the top of the heap. For funnel flows, its level decreases conti-
nuously ((see fig. 6.(a)). For avalanche flows, the level does
not decrease continuously, but the mean slope is the same as in
4the funnel flow case ((see fig. 6.(b)). For rathole flow, the level
decreases continuously with a greater slope ((see fig. 6.(c)).
The occurrence of avalanche does not imply the occurrence
of intermittences (see figure 6.(b)). When the intermittence is
observed, it has a well characterized period T .
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FIGURE 5: Measured probability to observe an intermittence as a
function of the voltage V . The saturation curve was obtained by fit-
ting an exponential curve on the data.
FIGURE 6: Two types of flow dynamics can be revealed by spatio-
temporal analysis of the flow : a continuous flow and an intermittent
flow. (a) Continuous flow for a funnel geometry (0 V), (b) Conti-
nuous flow with avalanches (1300 V), (c) Intermittent flow in a ra-
thole (900 V). White zones correspond to flowing zones and dark
ones to blocked ones.
The intermittence does not always appear directly after the
onset of the flow, but it always stops before the end of the
discharge (see figure 6.c). One period of the intermittence can
be separated into three phases (see figure 7). At the beginning,
FIGURE 7: Zoom on two periods of the intermittence for respectively
(a) V =300V, (b) V =700V, (c) V =1500V. The onset front propagates
upward with a non constant velocity. The initial velocity of onset
front decreases with voltage.
the heap is at rest everywhere, except near the outlet, where
the flow is at its lowest value. A onset front propagates upward
and reaches the top of the heap after a time T1. This front
doesn’t propagate at a constant velocity : it starts at a velocity
v1 and reaches the top at a velocity v2. The initial velocity v1
decreases with voltage. It is of the approximately 2.6 m/s at
300V and 0.5 m/s at 1500V. The velocity v2 is of the order of
5 m/s. The entire heap is in motion during the time interval
T2, and afterwards the flow stops sharply.
A typical evolution of the parameters T1, T2 and T during
the discharge is shown on figure 8. The period of onset T1
slowly decreases with time t. It is not surprising : when the
level of the heap decreases, the onset front needs less time to
reach the top. The time T2 increases with time. The ratio T2/T
also increases with time. Knowing that the outlet mass flow is
constant with time, this means that the mass flow at the top of
the heap must decrease with time to allow mass conservation.
In order to test if this evolution was due to the decrease of the
packing height with discharge or to some aging, we reprodu-
ced the experiment with a filled hopper at the top of the silo.
By this way, we maintained the level of the heap at its initial
value. The different characteristic times evolve more slowly
in this situation, showing that the evolution with time of the
parameters is mainly due to the decrease of the height of the
heap.
Figure 9 exhibits the evolution of the characteristic times
T1, T2 and T with voltage. The time of onset T1 increases with
voltage. This can reflect the decrease of the initial velocity
v1. The times T2 and T also increase with voltage. However,
the ratio T2/T decreases with voltage. Knowing that the mass
flow is constant with voltage, this means that the instantaneous
mass flow at the top of the heap must increase with voltage to
fulfill mass conservation.
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FIGURE 8: Typical dependence of the parameters T1, T2, T with time
during the silo discharge (V = 900 V). Each value is an average of
three successive periods, the error bars width represents two standard
deviation. After the last point of the curves, the flow continues but the
intermittence disappears (see figure 6.(c)).
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FIGURE 9: Dependence of the periods T1, T2, T with voltage at the
start of the flow.
IV. DISCUSSION
In this section, we will discuss the flow behavior and the
intermittences. To explain our observations, we must consi-
der how an electric field acts on a dielectric granular mate-
rial. Granular materials exhibit special conductive properties.
The conduction of metallic granular materials has been stu-
died by Dorbolo and coworkers. Ohm’s law is not applicable
to these kinds of materials and hysteretic behavior has been
observed [24]. Creyssels and coworkers suggested that elec-
trical currents are concentrated in a collection of paths that
are linked to the stress network [25]. Glass beads are some-
times called semi-insulating materials [26]. They are an in-
sulator with a bulk resistivity of at least 1010Ωm, but when
the relative humidity of the ambient atmosphere is sufficiently
high, they have a significant surface conductivity. This is res-
ponsible for many electrical properties of dielectric granu-
lar materials. High electric fields have already been used to
modify the rheological properties of dielectric granular mate-
rials. Chen and coworkers applied a non-homogeneous elec-
tric field at the outlet of vertical pipes [2]. This affected the
outlet mass flow and induced intermittences. The effects are
stronger when the grains are in contact with the electrodes.
This was applied to tune the flow of powders [27], to stabilize
fluidized beds for heterogeneous catalytic reactions and solid
gas reactions [28], or to avoid the segregation [29]. Robin-
son and Jones showed that the yield shear stress and maximal
angle of stability of glass beads were greatly affected by the
presence of electric fields [30, 31]. They defined an electric
stress which increases with voltage. Metayer studied the ef-
fect of electric fields on static and dynamic angles of repose
of glass beads confined between two vertical electrode plates
[32].
A. Electrically induced interactions
In this subsection, we will show that electric fields can be
used to the tune cohesion of dielectric granular materials. This
cohesion is anisotropic, and tends to form linear aggregates
along the direction of the applied electric field. Four effects
could take place :
1. Dielectric grains can polarize and interact together with
dipole/dipole interaction F 1i,j .
2. Charged grains immersed in the applied electric field
can experience a force F 2i .
3. Charged grains can interact together with a force F 3i,j .
4. The electrical current is responsible for an attractive in-
teraction between grains, named electroclamping force
F 4i,j .
In order to evaluate the strength of these effects, we will
compare the mean force they induce on one single grain to the
weight of this grain.
Let us first evaluate the interaction between induced di-
poles. We can first consider one single dielectric sphere of
diameter d and relative permittivity ǫr immersed in a homo-
geneous electric field −→E0. The electric field resulting from the
polarization of the sphere can be calculated analytically [33].
Outside the sphere, it has the same form as the electric field
produced by a dipole moment of value :
~p =
π
2
(
ǫr − 1
ǫr + 2
)
ǫ0d
3
−→
E0, (1)
where ǫ0 denotes the vacuum permittivity. We can use this ex-
pression to evaluate the interaction between two polarized die-
lectric spheres in contact. Let us call θ the angle between the
orientation of the spheres and the electric field. If we consider
that the grains have the same interaction as two dipoles given
by equation (1), the force F 1i,j experienced by the grain i in
contact with the grain j will be given by :
−−→
F 1i,j =
1
4πǫ0
3|~p|
2
d4
((1− 3 cos2 θ)−→ei,j − 2 cos θ sin θ
−→
e′i,j) (2)
6where −→ei,j is the unit vector pointing from the center of j
to the center of i and
−→
e′i,j is the basis vector associated with
the θ coordinate. This interaction is characterized by a Bond
number B10 = F 1i,j/mg, where mg is the weight of one grain.
We can evaluate this number using ρ = 2500 kg/m3 (density
of silica glass), d = 74 µm, ǫr = 3.8 (amorphous silica glass),
E0 =1900 V/ 6 mm = 316 kV/m). If the grains are aligned
in the direction of the electric field (θ = 0), the interaction is
attractive and
B1
0
≈ 2 (3)
The other effects that we consider result from the super-
ficial conductivity of the glass beads. In this work, we ex-
pect to have negligible cohesion between charged grains due
to the triboelectric effect. At a relative humidity of 43 %RH,
the charge rapidly relaxes by surface conductivity. However,
as grains are in contact with electrodes, they can acquire a
charge. A grain i carrying a charge qi and immersed in an
electric field −→E0 will experience a force :
−→
F 2i = qi
−→
E0 (4)
We performed our experiment in conditions similar to the ones
of Howell and co-workers [34]. Using similar grains, applied
electric field E0 and hygrometry, they could charge grains suf-
ficiently to have force qiE0 > mg in a time short compared to
the duration of our experiment. The question is : Is the quan-
tity of charged grains sufficient for this effect to be efficient ?
In other words, is the mean ratio B2
0
= |q|meanE0/mg si-
gnificant in our situation ? In order to answer this question,
we placed two vertical electrode plates at the outlet of the silo
and we observed the trajectories of the grains falling between
them. The horizontal acceleration of one grain is qE/m while
the vertical acceleration is g. By applying the same electric
field E0 inside the silo and between the electrodes, we can di-
rectly observe the ratio F 2i /mg by looking at the trajectories
of the falling grains. This experiment showed that the appli-
cation of the electric field induces charge of both signs on the
grains. The ratio |qE0/mg| can be larger than one. Neverthe-
less, even for the largest values of the applied electric field, a
large majority of the grains fall almost vertically and have a
Bond number
B2
0
≪ 1 (5)
This implies that the interaction of charged grains with the
applied electric field does not play a significant role in our
experiment.
One may also ask if the interaction between charged grains
is significant. We consider the case of two touching dielec-
tric spheres i and j of diameter d and permittivity ǫr carrying
charges qi and qj homogeneously distributed on their surface.
Feng [35] used the finite element method to calculate a force :
−−→
F 3i,j =
α(ǫr)
(
q2i + q
2
j
)
− β(ǫr)qiqj
4πǫ0d2
−→ri,j , (6)
where α(3.8) ≈ 0.25, β(3.8) ≈ 1.3 and where −→ri,j is the
vector pointing from the center of i to the center of j. If one
considers that qiE0 = qjE0 = mg, one finds a repulsive force
of strength F 3i,j = 0.068mg. For qiE0 = mg, qj = 0, one
finds F 3i,j = 0.021mg. For qi = −qj = mg/E0, one has an
attractive force of strength 0.15 mg. However, we have seen
that |q|mean ≪ mg/E0. This interaction is thus characterized
by a Bond number :
B30 ≪ 1, (7)
showing that the interaction between grains charged by
conductivity is not significant for our concern.
The last effect that has to be taken into account is the
so-called electroclamping force. When a granular material
constituted of glass beads is confined between two electrodes,
a small electric current can pass through the packing due to
adsorbed moisture [36]. The density of current increases at
the contact between grains, and thus the local electric field at
the surface of the grain can be several orders of magnitude
higher than the applied applied electric field [37]. The inter-
action between two grains can be calculated by integrating the
electric stress over the surface of the grains. Different models
attempted to describe this phenomenon quantitatively, despite
the fact that several unknowns exist concerning the surface
conductivity and the nature of the contact between grains [38].
We will use the semi-empirical model proposed by Dietz and
Melcher [39], which postulates that the conductivity is limited
to the surface of the beads, that the grains deform according
to the Hertz law, and that electrical breakdown of air occurs
at the contact between grains. This model gives the following
expression for the force between two grains :
F 4i,j = 0.415πǫ0d
2Emax
0.8(E0cosθ)
1.2, (8)
where Emax = 3 106 V/m is the electric field for dielectric
breakdown in air. Taking as before E0 = 316 kV/m, d=74 µm
and θ=0, one finds a Bond number :
B40 ≈ 7 (9)
The electroclamping effect could then be relevant for our pur-
pose.
The preceding discussion is summarized in Table I. We
considered four effects, two of them are significant for our
purpose : the interaction between induced dipoles and the
electroclamping force. Both tend to create linear clusters
along the direction of the electric field. We can conclude that
the application of a high electric field on a dielectric granular
material can be responsible for a tunable anisotropic cohesion.
B. Effect on the flow
The funnel to rathole transition described in section III B
can be compared with experimental results of Robinson and
Jones [31]. These authors applied an electric field parallel to
7Interaction Notation Bond B0
Induced dipoles F 1i,j 2
Grain/Field F 2i ≪ 1
Grain/Grain F 3i,j ≪ 1
Electroclamping F 4i,j 7
TABLE I: Four effects could play a role when applying an electric
field on a granular material. Only the induced dipoles interaction and
the electroclamping effect are efficient in our case.
the axis of rotation of a rotating drum. They measured the
maximum angle of stability of a packing of glass beads before
the initiation of the flow. This angle increases with voltage up
to 90 ˚ . They interpret this as an increase of the yield shear
stress of the material. This can be compared to the slope of
the walls that we observe in the rathole situation. The stabili-
zation of an arch and the blockage of the flow for the highest
voltage values could be viewed as the continuity of the funnel
to rathole transition.
Our experiments have shown that the electric field doesn’t
affect the outlet mass flow. This is surprising for two reasons.
First, we report a transition from funnel flow to rathole flow,
as well as the blockage of the flow. It is surprising to see that
the static part of the heap is greatly affected by electric field,
but that the flowing part isn’t. However, it is not the first time
that this contrast is reported. Metayer observed glass beads
flowing between two parallel plate electrodes [32]. He applied
some voltage, imposed some inlet flow Q and measured the
dynamic angle of repose. For the smallest values of Q, this
angle increased with voltage. But the effect of the electric field
decreased for higher Q values. Such dissimilarities between
static and flowing heaps were also reported when applying a
magnetic field on steel beads [19].
The mass flow behavior is also surprising because the flow
through the silo is expected to decrease with cohesion. This
is in deep contrast with the results of Lumay and Vandewalle
[17]. They applied both vertical and horizontal homogeneous
magnetic field on ferromagnetic powder flowing in a hopper.
In both cases, they observed a decrease of flow as a power 2
of the applied field [17].
We can however use a schematic picture to justify the dif-
ference between our results. As depicted in section IV A, the
electric field tends to create linear clusters aligned in the di-
rection z of the outlet slit. Let us consider a granular material
with clusters aligned in the direction z. If one applies a shear
stress, the cohesion can create a resistance to the gradient of
velocity. For a shear stress σx,z or σy,z , some cohesive links
need to be broken for the material to shear. On the contrary,
for a shear stress σx,y , no cohesive links will need to be bro-
ken for the material to shear. The clusters will be able to flow
without any resistance. In our case, the clusters are aligned in
the direction of the outlet slit and do not need to be broken to
allow the flow through the silo.
C. Effect on the intermittences
In section III C, some spatiotemporal analysis was used to
describe the intermittences. In this section, we suggest an in-
terpretation of the phenomenon.
Let us consider one period of intermittency. At the begin-
ning, the heap is at rest. The grains near the outlet start to flow,
and the border between the static and flowing part of the heap
propagates upwards. We call this discontinuity of acceleration
the onset front. It must induce a dilatation of the moving part
of the heap (see figure 10).
FIGURE 10: The upward propagation of a onset front induces a de-
crease of the density. In this picture, the density is linked to the ver-
tical distance between trajectories.
The intermittence could arise because the electric field acts
differently on static and dynamic part of the heap. As descri-
bed in the previous section, the yield shear stress of a static
packing increases with voltage [30, 31], but the effect of the
electric field decreases when the flow increases [32]. In our
system, the electric field must have a greater effect during the
onset front propagation. When some voltage is applied, the
onset front propagates more slowly and a strong dilatation ef-
fect might occur. After the onset, the material is poorly af-
fected by the electric field. The velocity field might not be
be stationary. A compression could occur, and if the material
reaches some critical density, the material must block. The
cycle is repeated.
V. CONCLUSION
We have studied the effect of an electric field on a dielec-
tric granular material flowing through a silo. We have seen that
electric field can induce some cohesion. Both the electroclam-
ping force and the interaction between induced dipoles can be
responsible for an anisotropic interaction between grains. This
interaction tends to form linear clusters aligned in the direc-
tion of the applied electric field. Mass flow, flow geometry,
and flow dynamics have been observed.
The mass flow was not affected by the electric field but the
blockage occurred above a critical voltage. A transition from
funnel flow to rathole was observed. This transition was of
probabilistic nature : different kinds of flow geometry can oc-
cur at a given voltage. We observed an intermediate state bet-
ween the funnel flow and the rathole flow. We called it the
”avalanche regime”. We observed a complete blockage of the
heap after some critical voltage. The application of an elec-
8tric field increased the probability to have an intermittent flow.
Transition from continuous flow to intermittent flow was of a
probabilistic nature and it was independent of the funnel to
rathole transition.
The anisotropy of the cohesion might explain the indepen-
dence of mass flow with voltage. As already observed in simi-
lar experiments, the static part of the heap is more affected by
the field than the flowing part. This might be the cause of the
intermittence.
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